A non-sequence-specific requirement for SMN protein activity: the role of aminoglycosides in inducing elevated SMN protein levels.
Spinal muscular atrophy (SMA) is caused by homozygous loss of the survival motor neuron (SMN1) gene. In virtually all SMA patients, a nearly identical copy gene is present, SMN2. SMN2 cannot fully compensate for the loss of SMN1 because the majority of transcripts derived from SMN2 lack a critical exon (exon 7), resulting in a dysfunctional SMN protein. Therefore, the critical distinction between a functional and a dysfunctional SMN protein is the inclusion or the exclusion of the exon 7 encoded peptide. To determine the role of the 16 amino acids encoded by SMN exon 7, a panel of synthetic mutations were transiently expressed in SMA patient fibroblasts and HeLa cells. Consistent with previous reports, the protein encoded by SMN exons 1-6 was primarily restricted to the nucleus. However, a variety of heterologous sequences fused to the C-terminus of SMN exons 1-6 allowed mutant SMN proteins to properly distribute to the cytoplasm and to the nuclear gems. These data demonstrate that the SMN exon 7 sequence is not specifically required, rather this region functions as a non-specific 'tail' that facilitates proper localization. Therefore, a possible means to restore additional activity to the SMNDelta7 protein could be to induce a longer C-terminus by suppressing recognition of the native stop codon. To address this possibility, aminoglycosides were examined for their ability to restore detectable levels of SMN protein in SMA patient fibroblasts. Aminoglycosides can suppress the accurate identification of translation termination codons in eukaryotic cells. Consistent with this, treatment of SMA patient fibroblasts with tobramycin and amikacin resulted in a quantitative increase in SMN-positive gems and an overall increase in detectable SMN protein. Taken together, this work describes the role of the critical exon 7 region and identifies a possible alternative approach for therapeutic intervention.